UNCLASSIFIED

AD NUMBER

ADB023872

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Test and Evaluation; 06 JUL 1977. O her
requests shall be referred to Air Force Rone

Air Devel opnent Center, EEP, Hanscom AFB, MA
01731.

AUTHORITY

radc, usaf notice, 14 jan 1983

THISPAGE ISUNCLASSIFIED




THI3 REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
INDER D0:» DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
ITS USE AND GISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED,

N






ADB023872

LORAN-D Prototype Tethered An»t’enna
Impedance and Radiation Measurements,

() Tk 7% |

BOC FiLe copy

Disteibution limited to U.S. Gevemment agencies only; (Test and Evelustion
of Commercial Products or Military Hardware); (6 July 1977). Other requests
_for this decumont must be referred to RADC/‘!P. Henscom Alr Porco Bease,
Messechusetts 01731, i .

ROME AIR DEVELOPMENT CENTER

AIR FORCE SYSTEMS COMMAND
GRIFFISS AIR FORCE BASE, NEW YORK 13441

s07 050




Thisctechnical re has been reviewed and approved for publication.

Approved: E.A. s, Chief

Propagation Branc :
Approved: é; ané’ﬁ T chelY, (.%uf L-'

'Electromagnetic Sciences Division

FOR THE COMMANDER

A




ified

SECURITY CLASS'FICATION OF THIS ®PAGE (Whait Data Entered)

REPORT DOCUMENTATION PAGE BEEE AN URUCTIONS sy
[T REPORT NUMGER 2. GOVY ACCESSION NOJ 3. PECIS'ENT'S CATALOGC NUMBER
RADC-TR-77-280 V L
4. TITLE (and Subtitle) 5. TVFE OF REPCGRT & PERIOD COVERED
LORAN-D PROTOTYPE TETHERED In-House
ANTENNA IMPEDANCE AND RADIATION T 2
MEASUREMENTS T PERFORMING ORG. REPORT NUMBER
7. AUTHOR(a) T CONTHACT OR GRANT NUMBER(s)

J. L, Heckscher
R.W. Whidden

9. PERFORMING ORGANIZATION NAME AND ADDRESS / 10 72‘:??Eo‘#x‘ﬂﬁ."r‘uﬁm‘éﬁ!' TASK
Deputy for Electronic Technology (RADC/EEP) 62702F

Hanscom AFB, 46001606

Massachusetts 01731

11. CONTROLLING OFFICE NAME AND ADDRESS 2. REPORT DATC

Deputy for Electronic Technology (RADC/EEP) August 1977 J
Hanscom AFB, 3. NUMBER OF PAGES -
Massachusetts 01731 17

['TT. MONITORING AGENCY NAME & ADDRESS(f different from Controlling Office) | 18. SECURITY CL ASS. (of this report)

Unclassified

1S, DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. OISTRIBUTION STATEMENT (of this Report)

Distribution limited to U.S.Government agencies only; (Test and Evaluation
of Commercial Products or Military Hardware); (6 July 1977), Other
requests for this document must be referred to RADC/EEP, Hanscom

Air Force Base, Massachusetts 01731,

17. DISTRIBUTION STATEMENT (of the abetract entersd in Block 20, if different from Report)

-~ - Sy i
> el

18. SUPPLEMENTARY NOTES

s
18. KEY WORDS (Continue on reverse side if necessary and identify by block number)

LORAN-D antenna
LORAN-D antenna impedance -
AN-D antenna radiation oy
.\ $ o
20, QTRACT (Continue on reverae alds If neceasary and identify by block number)

On 23 March 1977, personnel from the Rome Air Development Center
(RADC) and the Electronics System Division (ESD) experimentally determined
the input impedance and radiation parameters of a prototype balloon-supported,
500-ft toploaded LORAN transmitting antenna at Holloman AFB, New Mexico
The tests were conducted to verily theoretical calculations and to provide data
for use in designing matching networks.

The input impedance was measured at seven frequencies: 82,3, 91.2,
94,5, 95,1, 100.1, 104.5, and 112, 9 kHz, uain_g a bridge substition method,

FORM
DD 1JAN T 1‘73 EDITION OF 1 NOV 68 |S OBSOLETE
e lassified
SECURITY CLASSIFICATION OF THIS PAGE (When Dafa Entered)




linclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Date Bniered)

20, (Cont)

Radiation parameters were estimated at a single frequency, 99,3 kHz.
Values for the effective antenna capacitance, inductance, and total

resistance, as well as for the radiation resistance and effective height,
are reported and discussed.

!

po———
ADCESSION for
e

() White Ssction [J
POC Buft Saction

' UNANNOUNCED
JUSTIFICATION

w.... .

ORETRITION/AVALABLTY C00ES
___E AVAIL. and /o SPECIAL

)

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)




Preface

We are grateful to Dr. E. A, Lewis for valuable discussions regarding mea-
surement techniques, and we thank Capt. R.V. Gressang (ESD/DCLG) for assist-
ance with the field measurements,

Thislwork was funded in part by the Tactical LORAN System Project Office.



A

Contents

1. INTRODUCTION 7
2. MEASUREMENT CONCEPTS 8
2.1 Antenna Input Impedance ) 8

2.2 Radiation Parameters 10

3. MEASUREMENTS AND DISCUSSIONS 10
3.1 Antenna Impedance Measurements 10

3.2 Antenna Radiation Measurements 12
APPENDIX A: Radiation Resistance and Antenna Effective Height 15
lllustrations

1. Prolile View of Tethered Antenna (a) and Plan View (b) 8
2, Antenna Equivalent Circuit 9
3. UseofSeries Inductance to Resonate Antenna Effective Capacity 9
4, Setup for Antenna Impedance Measurements 11
5. Setup for Antenna Radiation Measurements 13



l-
2-
3-

Recorded Data - Antenna Impedance Measurements
Calculated Antenna Parameters
Antenna Radiation Parameter Data

Tables

11
12
13



T T e AR TS

LORAN-D Prototype Tethered Antenna
Impedance and Radiation Measurements

1. INTRODUCTION

A prototype balloon-supported LF transmitting antenna, designed for emer-
gency use with the LORAN-D tactical navigation system, was deployed at Holloman
AFB, New Mexico, on 23 March 1977, in an operational test of antenna properties
and of the integrity of antenna system parts, Personnel from the Rome Air De-
velopment Center (RADC/ET) and the Electronic Systems Division (ESD/DC)
measured some of the antenna electrical parameters, including input impedance,
radiation resistance, and effective height,

The antenna consisted of a single 500-ft, top-loaded vertical element supported
over a ground plane by a barrage-type balloon, Three 792-ft guy cables, anchored
120° apart on the ground, held the vertical wire stationary. The top 700 ft of each
cable was electrically conducting, to serve as a top-load, The ground plane con-
sisted of 6 radial wires, each 150-ft long, attached to copper ground rods driven
into the desert soil, A diagram of the antenna configuration is shown in Figure 1,

(Received for publication 15 August 1977)



Figure 1, Profile View of Tethered
Antenna (a) and Plan View (b). Active
{a) portions shown with cross lines

TOP LOADING AND
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2., MEASUREMENT CONCEPTS

2.1 Antenna Input Impedance

An equivalent circuit for the low frequency antenna is shown in Figure 2, The
antenna is electrically short, so the reactance preserfted at terminals A-B is
capacitive. Therefore we can write

o1 1
w; &y w1 Ca

+w, L A’ (1
where C, is the "effective' or apparent capacity at terminals A-B at frequency Wy

For frequency wy we have

1 1

Combining Eqs. (1) and (2), we can solve for the unknowns, L A and C A in terms
of the measureable quantities C1 and C2:



1
L, = C——llz—-'—z"-c; (3)
4 Wy = Wy .

oy -wlz @
1 G T
e s

Thus by measuring the capacitive reactance at A-B at two different frequencies,
the equivalent circuit capacity and inductance can be determined.

The equivalent series resistance, R A can be measured if a series inductor
L, (having a small series resistance r,) is used to cancel the capacitive reactance
at A-B., Thus in Figure 3, if

1
-WL" -UC;+“’LA » (5)
then
ZAIBI = RA-O-I‘s 5 (6)

from which R A may be found if r, is known,

ACA La
o—
Figure 2, Antenna
Zpp— RarR,+Rg +Rey + Rgp Equivalent Circuit
8

CA =~ ANTENNA CAPACITY, LA = ANTENNA INDUCTANCE,
= RADIATION RESISTANCE, Ry = GROUND RESISTANCE,
Rcuy = CONDUCTOR RESISTANCE, “m = SERIES DIELECTRIC RESISTANCE.

A Ls rg A Cp Lp

|
Zum n Figure 3, Use of
A — Series Inductance to
o N Resonate Antenna
M 4 Effective Capacity

Lg = SERIES INDUCTANCE, rg = SERIES RESISTANCE.



2.2 Radiation Parameters

The radiation resistance, Rr’ of a transmitting antenna can be defined in terms
of the radiatedpower, wr, and corresponding antenna base current,],

2w
R - r
r 12 )
Assuming an infinitesimal dipole, Wr can be determined from a field strength
measurement at a known distance from the antenna, so the radiation resistance can
be expressed as

1 (Byo )’
o (25)
where EV is the field strength, V/m; r is the distance, m; and I is the antenna
current, amperes (see Section A1), Eq. (7) assumes the field strength is pro-
portional to the inverse of the distance r from the antenna, which requires
measurements to be made in the region r >>27/\ to minitnize near-field effects.

The effective height, he' of an antenna can be defined as that length of uniform
current of amplitude I which radiates the same power as the actual antenna having
base current I. Using the same units as in Eq. (7), the effective height is

7986 E,,* r

» \'A
hy = —1 1 (8)

where [ is the frequency in kHz (see Section A2),

3. MEASUREMENTS AND DISCUSSIONS

3.1 Antenna Impedance Measurements

The antenna input reactance and resistance were measured by a substitution
method in conjunction with a resonance bridge. L The bridge circuit, along with
the oscillator and amplifier used to energize it is shown in Figure 4, The bridge
null was sensed with a two-channel oscilloscope set on the subtract mode; fre-

‘ quency was read from a counter display.

On the basis of pre-calculated antenna parameters, several coils were wound
8o as to resonate the antenna at various frequencies nominally between 90 and 110
kHz, Two precision decade capacitor boxes, calibrated by PMEL, were used as
the measurement standard; along with individual 5 percent silver mica capacitors,
values up to 11, 110 pf could be synthesized to within about 10 pf,

1, ITT, Reference Data for Radio Engineers (5th Ed,) (1972) H, W, Sams & Co.
Inc., Indianapolis, Indiana, p T1-3,

10
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HP5300A FREQUENCY COUNTER

HP204B OSCILLATOR
MM TOISH
MC-80 POWER AMPLIFIER
S | Figure 4, Setup for Antenna
::?g‘a":“ﬁ Impedance Measurements

108, 10w

1oL, VOW

CH1
ANTENNA
10-TURN
LIN. POT.
CH1 TEKTRONIX L_____ cH2 NULL DETECTOR

465

The actual measurements were performed in two stages, First, a coil was
connected in series between the antenna and the bridge, and the frequency and
potentiometer setting were varied for best null indication on the oscilloscope. The
frequency and potentiometer setting were recorded. Second, the precisinn capa-
citor boxes were substituted for the antenna, and the capacity and potentiometer
varied until the best null was again obtained, The total precision capacity was then
recorded. This completed the measurement sequence at the recorded frequency.
Data for seven such tests are given in Table 1,

Table 1. Recorded Data — Antenna Impedance Measurements

Test Frequency (kHz) Capacity (pF) Potentiometer Setting
1 82,3 6081 1.786
2 91,2 6881 1,74
3 94,5 7262 1.79
4 95,1 7340 1.81
5 100. 1 7986 178
6 104.5 8880 1,75
7 112, 9 11,081 1.94
11



Six estimates of antenna capacity and inductance, calculated by Egs. (3) and
(4) using data at adjacent frequencies, are shown in Table 2,

Table 2, Calculated Antenna Parameters

—— 4? ————————
Test Pairs C A (pF) L A (LH)
1-2 4024 314.4
2-3 4020 315.1
3-4 4045 310.8
4-5 4205 284.4
5-6 3767 354.3
6-7 4045 311.9

It is evident that the two calculations involving Test 5 differ significantly from
the other four results, Test 5 was conducted at 100, 1 kHz; it is possible that strong
signals at 100, 0 kHz from the 1 MW Loran transmitter at Searchlight, NV (870 km
distant) interfered with the measurement, If the two Test 5 computations are con-
sidered invalid, and the four remaining results are averaged, we obtain

CA = 4033 £+ 13 pF,

Ly = 313.1+ 2,0 uH.

The total antenna plus coil resistance was determined from the dial setting
assuming a linear 20 ochms per turn potentiometer. The average of Tests 1 through
7 (excluding No. 5) is 1,80 + 0,03, corresponding to 36,0+ 0,8 . The coil
resistance was a small fraction of this total, at most 1,0 @, 8o that about 35 2 can
be attributed to the antenna. Such a large value would be excessive in an actual
transmitting system; however, there was no requirement that the antenna be effi-
cient for these preliminary tests, Had a more extensive ground plane been con-
structed, the effective antenna resistance would no doubt have been much lower,

3.2 Antenna Radiation Measuremenis

Due to the short time available, field strength measurements were conducted
only at one site, The antenna was energized through a series inductance, with
the frequency adjusted to produce a maximum current, A Pearson current probe,
Model 410, sensed the antenna current I (see Figure 5), The field was measured
with a Singer Radio Interference - Field Intensity Measuring Equipment, Model
NM - 12AT, using a collapsible, shielded loop antenna, Table 3 shows the fre-
quency, current, NM - 12AT meter reading, attenuator setting, and aporopriate

12



"antenna correction factor' {from a calibration chart supplied with the instrument)

recorded during the test.

HPSI00A FREQUENCY COUNTER

CURRENT MONITOR
TEKTRONIX ANTENNA
14P2048 | OSCILLATOR 86
st VY] j
McINTOSH PEARSON Figure 5, Setup for Antenna
MC-80 A0 Radiation Measurements
POWER AMPLIFIER 1—
r=14.2km
FIELD STRENGTH METER
SINGER RECEIVING LOOP
NM-12AT

Table 3. Antenna Radiation Parameter Data

NM-2AT Readings

H(kHez) I1(A, p-p) | Meter (dB) Atten, (dB) | Ant, Corr (dB)

89,3 2,4 28 -20 48,5

The sum of the meter, attenuator, and antenna correction readings gives a
field strength of 56,5 dB above one uV/m, rms (to within + 2 dB, see NM-12AT
' Instruction Manual), Then the field amplitude is

IEvl = 945 uV/m + 26% ,

The antenna current amplitude is half the peak-to-peak value

I=12A,

13




Distance from the transmitting antenna to the receiving site was scaled from
the Holloman, NM 15-min quadrangle map, U.S. Geological Survey (1948),
Exanrt transmitting antenna coordinates were unavailable, however, the Scat
Site coordinates (32° 55'43''N, 106° 04' 18"W) were very near the ''4181" bench
mark on the map, The receiving site was near the Frequency Monitoring Station
("Freak"), 150 feet NE of a marker labelled 32° 48'59''N, 106°08'40"'W, On the
quadrangle map, this location almost exactly coincided with the ""4091" bench
mark., The distance between the two bench marks was taken as a suitable value

for r,
r= 14,2km.

Substituting the above values into Eqs. (7) and (8), we find

R 1.38Q = 52%,

r

89.4m * 26% .

=2
"

Since the results are based on observations at only one site, they should not
be regarded with high confidence., The possibility of local anomalies in field
strength, such as might be caused by fences, buried cables, or abrupt discon-
tinuities in terrain conductivity was not investigated, nor was any attempt made
to determine the effect (if any) of the antenna near fields. The results are,

however, in reasonable agreement with theoretical estimates of Drane. 2

2, Drane, C.J. (Private Communication),

14



Appendix A

Radiation Resistance and Antenna Effective Height
Al. Radiation Resistance

The far fields of an infinitesimal vertical dipole of current amplitude I, length
h/2, located just above a perfectly conducting plane are3

E, = “’ﬂih gin § e JkT (A1)
. jkIh -jkr _
H‘P 1rr gsin Qe Eelzo . (A2)

Zo = \'u./e = 120 #,

for 0s9< -12'- , and are zero elsewhere, At a distant point just above the surface
' wilh

and therefore

3. Ramo, S., Whinnery, J.R., and Van Duzer, T. (1965) Fields and Waves in
Communication Electronics, John Wiley & Sons, Inc., New York, pp 842-851.

15



le,| = |E,] 8in 8, (A4)
0 v

e |

lu | = 5= emo. (A5)
o

The time-average Poynting vector is radial, and equal to one-half the product
of the magnitudes of the electric and magnetic field vectors

sin2 8. (AB)

The total power radiated is the surface integral of 'P; over a hemisphere of radius r
n/2 2
W, =/ P_dA -« ) 1E-‘éo—stn2 8+ 21r2 sin 9 do
'Evlz r2

* —T— (A7)

Then the radiation resistance is defined by

2
2w E..'r
Rr’—lzr-=sltr(—vr—) . (A8)

A2. Antenna Effective Height

By Eq. (A3) an antenna of effective height h/2 produces a field
_wulfh
eyl = 25 ( 7)~
Therefore
h = h = 1 (
e 2 i T

(A9)

18



BASE UNITS:
_Quantity Unit_
length metre
mass kilogram
time second
electric current ampere
thermodynamic tempersture kelvin
amount of substance mole
luminous intensity candels
SUPPLEMENTARY UNITS:
plane angle redisn
solid angle steradien
DERIVED UNITS:
Acceleration metre per second squared
activity (of a radicactive source) disintegration per second
anguler scceleration radian per second squared
sngular velocity radian per second
ares squars metre
density kilogram per cubic metre
slectric capacitance farad
slectrical conductance slemens
electric field strength volt per metre
electric inductance henry
olectric potential difference volt
slectric resistance ohm
slectromotive force volt
energy joule
entropy joule per kelvin
force newton
hertz
illuminance Jux
luminance candels per square metre
luminous :’h:: " lumen
magnetic field strengt am per metre
magnetic flux w:'
magnetic flux density tesla
magnetomotive force smpere
power watlt
pressure )
quantity of electricity coulomb
quantity of heat joule
radiant Intensity watt per steradian
c heet joule r- kilogram-kelvin
streess pascal
therma) conductivity watt per metre-kelvin
velocity matre per second
viscosity, dynamic pascal-second
viscosity, kinematic square metre per second
voltage volt
volume o cuu:coul metre
wavenum| rec metre
work joule
SI PREFIXES:
mhllllu“ou Foctors
1 000 000 000 000 = 10"
1 000 000 000 = 10°
1 000 000 = 10*
1000 = 10°
100 = 10?
10 = 10*
0.1 =10
0.01 = 10~?
0.001 = 10~}
0.000 001 = 10-*
0.000 000 002 = 10-*
0.000 000 000 001 = 10~ '*
0.000 000 000 000 001 = 10~**
0.000 000 000 000 000 001 = 10"
* To be avoided where possible.
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